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57 ABSTRACT

In one embodiment, a semiconductor device includes a sub-
strate including a trench, and a gate electrode disposed at a
position adjacent to the trench on the substrate, the gate
electrode having a first side surface located on an opposite
side of the trench, and a second side surface located on the
same side as the trench. The device further includes a first
sidewall insulator disposed on the first side surface, and a
second sidewall insulator disposed on the second side surface
and a side surface of the trench. The device further includes a
source region of a first conductivity type disposed in the
substrate on the same side as the first sidewall insulator with
respect to the first side surface, and a drain region of a second
conductivity type disposed in the substrate on the same side as
the second sidewall insulator with respect to the second side
surface.

18 Claims, 9 Drawing Sheets
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2011-
257618, filed on Nov. 25, 2011, the entire contents of which
are incorporated herein by reference.

FIELD

Embodiments described herein relate to a semiconductor
device and a method of manufacturing the same.

BACKGROUND

In recent years, a tunnel FET (TFET) has been vigorously
studied to achieve higher performance and lower power con-
sumption compared to a MOSFET. In the tunnel FET, since
conductivity types of source and drain regions differ from
each other, bipolarity of the tunnel FET in which the FET is
turned on regardless of whether a gate voltage is positive or
negative raises a problem. This brings about an increase in
off-state current and an increase in variation of characteristics
of'the tunnel FET. Although several solutions for suppressing
the off-state current are proposed, many of them bring about
harmful effects such as degradation in on-state current and
reduction of sub-threshold swing (SS). Those effects become
factors that hinder the reduction in power consumption of the
tunnel FET.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view showing a structure of a semi-
conductor device of a first embodiment;

FIGS. 2A to 5D are sectional views showing a method of
manufacturing the semiconductor device of the first embodi-
ment;

FIG. 6 is a sectional view showing a structure of a semi-
conductor device of a second embodiment; and

FIGS. 7A to 9D are sectional views showing a method of
manufacturing the semiconductor device of the second
embodiment.

DETAILED DESCRIPTION

Embodiments will now be explained with reference to the
accompanying drawings.

In one embodiment, a semiconductor device includes a
substrate including a trench, and a gate electrode disposed at
a position adjacent to the trench on the substrate via a gate
insulator, the gate electrode having a first side surface located
on an opposite side of the trench, and a second side surface
located on the same side as the trench. The device further
includes a first sidewall insulator disposed on the first side
surface of the gate electrode, and a second sidewall insulator
disposed on the second side surface of the gate electrode and
a side surface of the trench. The device further includes a
source region of a first conductivity type disposed in the
substrate, the source region being disposed on the same side
as the first sidewall insulator with respect to the first side
surface of the gate electrode, and a drain region of a second
conductivity type disposed in the substrate, the drain region
being disposed on the same side as the second sidewall insu-

10

15

30

40

45

2

lator with respect to the second side surface of the gate elec-
trode and the side surface of the trench.

(First Embodiment)

FIG. 1 is a sectional view showing a structure of a semi-
conductor device of a first embodiment.

The semiconductor device of FIG. 1 includes a substrate
101, a gate insulator 102, a gate electrode 103, first and
second sidewall insulators 104a and 1045, third and fourth
sidewall insulators 105a¢ and 1055, a source region 111, a
drain region 112, a source extension region 113, a drain
extension region 114, silicide layers 115, and an inter layer
dielectric 121, as components of a tunnel FET.

The substrate 101 is a semiconductor substrate such as an
Si substrate, a GaAs substrate, or an InP substrate, for
example. FIG. 1 shows X and Y directions which are parallel
to a principal surface of the substrate 101 and are perpendicu-
lar to each other, and a Z direction which is perpendicular to
the principal surface of the substrate 101. The substrate 101
has a trench T extending in the Y direction as shown in FIG.
1. Reference characters S; and S, denote a side surface and a
bottom surface of the trench T, respectively. The substrate 101
of the present embodiment is an i-type substrate, or a p-type
or n-type substrate having a lower impurity concentration
than the source region 111 and the drain region 112. The
substrate 101 may be a silicon on insulator (SOI) substrate or
a germanium on insulator (GOI) substrate.

The gate electrode 103 is formed at a position adjacent to
the trench T, on the substrate 101 via the gate insulator 102.
Examples of the gate insulator 102 include a silicon oxide
layer (Si0,), a silicon oxynitride layer (SiON), a high-k insu-
lator and the like. Examples of the gate electrode 103 include
apolysilicon layer, a silicide layer, a metal layer, a stack layer
including two or more kinds of those layers and the like.
Reference characters S, and S, denote first and second side
surfaces of the gate electrode 103, respectively. The first side
surface S, is located on an opposite side of the trench T, and
the second side surface S, is located on the same side as the
trench T.

The first sidewall insulator 104a is formed on the first side
surface S, of the gate electrode 103. The second sidewall
insulator 1044 is formed on the second side surface S, of the
gate electrode 103 and the side surface S; of the trench T.
Therefore, a height of a bottom surface of the second sidewall
insulator 10454 is lower than a height of a top surface S of the
substrate 101, and a height of a bottom surface of the first
sidewall insulator 104a. Examples of the first and second
sidewall insulators 104a and 1045 include a silicon oxide
layer, a silicon nitride layer (SiN) and the like.

The third sidewall insulator 1054 is formed on the first side
surface S, of the gate electrode 103 via the first sidewall
insulator 104a. The fourth sidewall insulator 1055 is formed
on the second side surface S, of the gate electrode 103 and the
side surface S; of the trench T via the second sidewall insu-
lator 1045. Therefore, a height of a bottom surface of the
fourth sidewall insulator 1055 is lower than a height of the top
surface S ofthe substrate 101, and a height of a bottom surface
of'the third sidewall insulator 105a. Examples of the third and
fourth sidewall insulators 105a¢ and 1055 include a silicon
oxide layer, a silicon nitride layer and the like.

The source and drain regions 111 and 112 are formed in the
substrate 101 to sandwich the gate electrode 103. More spe-
cifically, the source region 111 is formed on the same side as
the first sidewall insulator 1044 with respect to the first side
surface S, of the gate electrode 103, in the substrate 101. In
addition, the drain region 112 is formed on the same side as
the second sidewall insulator 1045 with respect to the second
side surface S, of the gate electrode 103 and the side surface
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S; ofthe trench T, in the substrate 101. In the present embodi-
ment, the source region 111 is a p-type region, and the drain
region 112 is an n-type region which is a reverse conductivity
type from that of the source region 111. The p-conductivity
type and the conductivity type are examples of a first conduc-
tivity type and a second conductivity type, respectively.

The source extension region 113 is formed under the first
and third sidewall insulators 104a and 105a between the
source and drain regions 111 and 112. The drain extension
region 114 is formed under the second and fourth sidewall
insulators 1045 and 1056 between the source and drain
regions 111 and 112.

In the present embodiment, the source and drain extension
regions 113 and 114 are p-type and n-type regions, respec-
tively.

The silicide layers 115 are formed in upper portions of the
gate electrode 103, the source region 111 and the drain region
112. Examples of the silicide layers 115 include NiSi layers,
PtSi layers, NiPtSi layers, NiCoSi layers, Co,Si layers and
the like. When the substrate 101 and the gate electrode 103 are
formed of semiconductor other than silicon (e.g., germa-
nium), alloy layers containing this semiconductor and metal
may be formed in place ofthe silicide layers 115. Examples of
the alloy layers include NiGe layers and the like.

The inter layer dielectric 121 is formed on the substrate 101
to cover the tunnel FET. Examples of the inter layer dielectric
121 include a silicon oxide layer and the like.

Although the tunnel FET of FIG. 1 is an n-type FET, it may
be a p-type FET. In this case, the source region 111 and the
source extension region 113 become n-type regions, and the
drain region 112 and the drain extension region 114 become
p-type regions.

Although the tunnel FET of FIG. 1 includes the source and
drain extension regions 113 and 114, it may include only the
source extension region 113 without including the drain
extension region 114. In this case, the step of FIG. 4B (the
step to form the drain extension region 114) described later is
not needed.

The second sidewall insulator 1045 may include a first
portion formed on the second side surface S, of the gate
electrode 103 and formed of a first insulating material, and a
second portion formed on the side surface S; of the trench T
and formed of a second insulating material different from the
first insulating material. In other words, the first portion
formed on the second side surface S, and the second portion
formed on the side surface S; may be formed of different
insulating materials.

Likewise, the fourth sidewall insulator 1055 may include a
third portion formed on the second side surface S, of the gate
electrode 103 and formed of a third insulating material, and a
fourth portion formed on the side surface S; of the trench T
and formed of a fourth insulating material different from the
third insulating material.

(1) Advantages of Tunnel FET of First Embodiment

As described above, the second sidewall insulator 1045 of
FIG. 1 is formed on the second side surface S, of the gate
electrode 103 and the side surface S; of the trench T. As a
result, a bottom portion of the second sidewall insulator 1045
is disposed lower than the gate insulator 102. Hereinafter,
advantages of the tunnel FET having such second sidewall
insulator 1045 will be described.

When a positive voltage is applied to the gate electrode 103
of FIG. 1, electrons occupying a valence band of the source
region 111 move to a conduction band in the channel region
by the tunnel effect called band to band tunneling (BTBT).
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The electrons then reach the drain region 112, so that an
on-state current flows between the source and drain regions
111 and 112.

On the other hand, when a negative voltage is applied to the
gate electrode 103, electrons occupying a valence band of the
channel region move to a conduction band in the drain region
112 by the BTBT. Holes generated in the channel region with
the movement of the electrons then reach the source region
111, so that an off-state current flows between the source and
drain regions 111 and 112. This current is called a gate
induced drain leakage (GIDL) current.

In general, the BTBT which becomes the cause of the
GIDL current is generated at an edge portion of the drain
region 112. According to the second sidewall insulator 1045
of the present embodiment, the tunneling probability of the
electrons according to this BTBT is decreased, so that the
GIDL current can be reduced. The reason is that an effective
channel length “L.” of the tunnel FET can be made long by the
second sidewall insulator 1045. The increase of the effective
channel length “I” increases the tunneling distance of BTBT,
and the increase of the tunneling distance exponentially
decreases the tunneling probability. In the present embodi-
ment, the effective channel length “L.”” becomes longer than
the original channel length correspondingly to a depth “H” of
the trench T.

The second sidewall insulator 1045 functions as a barrier
against the electrons which move between the channel region
and the drain region 112. In this viewpoint, an insulator with
alarge band gap is desirably used as the material of the second
sidewall insulator 1045. The reason is that the tunneling prob-
ability can be decreased by interposing the material with a
large band gap in the tunneling path. The tunneling probabil-
ity exponentially decreases with increase of the band gap.
Therefore, the GIDL current in the present embodiment can
be further reduced by the second sidewall insulator 1045 with
a large band gap.

Whereas the BTBT which becomes the cause of the GIDL
current is generated at the edge portion of the drain region
112, the BTBT which generates an on-state current is gener-
ated at an edge portion of the source region 111. In the present
embodiment, although the bottom portion of'the second side-
wall insulator 1045 is disposed lower than the gate insulator
102, the bottom portion of the first sidewall insulator 104a is
not disposed lower than the gate insulator 102. Therefore,
according to the present embodiment, the GIDL current can
be decreased without decreasing the on-state current.

It is known that an increase in channel length of the MOS-
FET reduces the on-state current, but the on-state current of
the tunnel FET hardly depends on the channel length. There-
fore, even if the effective channel length “L” is made long in
the present embodiment, a large decrease in the on-state cur-
rent can be avoided.

As described above, the bottom portion of the second side-
wall insulator 1045 in the present embodiment is formed in a
position deeper than the gate insulator 102. Therefore, the
off-state current in the present embodiment can be reduced
while the degradation of the on-state current in the tunnel FET
is suppressed. As a result, the problem of bipolarity of the
switching in the tunnel FET can be solved in the present
embodiment.

(2) Method of Manufacturing Semiconductor Device

A method of manufacturing the semiconductor device of
the first embodiment will be described with reference to
FIGS.2A to 5D. FIGS. 2A to 5D are sectional views showing
the method of manufacturing the semiconductor device of the
first embodiment.
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First, the substrate 101 is prepared (FIG. 2A). The substrate
101 is, for example, a silicon substrate. Next, isolation
regions are formed in predetermined regions in the substrate
101 by using a shallow trench isolation (STI) method or the
like. The gate insulator 102 is then formed on a surface of a
device region in the substrate 101 (FIG. 2A). For example, the
gate insulator 102 is a silicon oxide layer formed by thermal
oxidation.

An electrode material for the gate electrode 103 is then
deposited on an entire surface of the substrate 101 (FIG. 2A).
The electrode material is, for example, a polysilicon layer. An
insulating material for a cap layer 201 is then deposited on the
entire surface on the substrate 101 (FIG. 2A). The insulating
material is, for example, a silicon nitride layer.

The insulating material and the electrode material are then
etched by lithography and reactive ion etching (RIE). As a
result, as shown in FIG. 2A, the gate electrode 103 is formed
on the substrate 101 via the gate insulator 102.

As shown in FIG. 2B, a liner layer 202 is then deposited on
the entire surface of the substrate 101 by chemical vapor
deposition (CVD). The liner layer 202 is, for example, a
silicon nitride layer.

As shown in FIG. 2C, a resist layer 203 which covers a
region where the source region 111 is to be is then formed by
lithography. As shown in FIG. 2D, the liner layer 202 is
etched by wet etching with the resist layer 203 as a mask.

As shown in FIG. 3 A, the substrate 101 is etched by RIE
with the resist layer 203 and the liner layer 202 as a mask. As
a result, the trench T is formed to be adjacent to the gate
electrode 103 in the substrate 101. The timing for stopping the
etching is controlled in accordance with time. As shown in
FIGS. 3B and 3C, the resist layer 203 and the liner layer 202
are then removed.

As shown in FIG. 3D, an insulating layer 104 to be a
material of the first and second sidewall insulators 104a and
1045 is then deposited by CVD. The insulating layer 104 is,
for example, a silicon oxide layer. As shown in FIG. 4A, the
insulating layer 104 is processed by RIE. As a result, the first
sidewall insulator 104a is formed on the first side surface S,
of the gate electrode 103. In addition, the second sidewall
insulator 1045 is formed on the second side surface S, of the
gate electrode 103 and the side surface S of the trench T.

As shown in FIG. 4A, a resist layer 204 which covers a
region where the drain region 112 is to be formed is formed by
lithography. Impurity ions are then implanted into the sub-
strate 101 by using the resist layer 204 as a mask. As a result,
the source extension region 113 is formed in the substrate 101
by the subsequent annealing or the like.

As shown in FIG. 4B, a resist layer 205 which covers the
region where the source region 111 is to be formed is formed
by lithography. Impurity ions are then implanted into the
substrate 101 by using the resist layer 205 as a mask. As a
result, the drain extension region 114 is formed in the sub-
strate 101 by the subsequent annealing or the like. The pro-
cess step of FIG. 4B is carried out so that the drain extension
region 114 is not formed directly under the gate electrode 103.

As shown in FIG. 4C, an insulating layer 105 to be a
material of the third and fourth sidewall insulators 1054 and
1055 is then deposited by CVD. The insulating layer 105 is,
for example, a silicon oxide layer. As shown in FIG. 4D, the
insulating layer 105 is processed by RIE. As a result, the third
sidewall insulator 1054 is formed on the first side surface S,
of'the gate electrode 103 via the first sidewall insulator 104a.
In addition, the fourth sidewall insulator 1055 is formed on
the second side surface S, of the gate electrode 103 and the
side surface S; of the trench T via the second sidewall insu-
lator 1045.
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As shown in FIG. 5A, a resist layer 206 which covers the
region where the drain region 112 is to be formed is formed by
lithography. Impurity ions are then implanted into the sub-
strate 101 by using the resist layer 206 as a mask. As a result,
the source region 111 is formed in the substrate 101 by the
subsequent annealing or the like. The source region 111 is
formed to have an impurity concentration profile deeper than
that of the source extension region 113. The resist layer 206 is
then removed.

As shown in FIG. 5B, a resist layer 207 which covers the
region where the source region 111 is to be formed is formed
by lithography. Impurity ions are then implanted into the
substrate 101 by using the resist layer 207 as a mask. As a
result, the drain region 112 is formed in the substrate 101 by
the subsequent annealing or the like. The drain region 112 is
formed to have an impurity concentration profile deeper than
that of the drain extension region 114. The resist layer 207 is
then removed.

As shown in FIG. 5C, the cap layer 201 is then removed by
wet etching or the like. The cap layer 201 in the present
embodiment is formed of the material with which sufficient
etching selectivity ratios are obtained against the first to
fourth sidewall insulators 1044 to 10554. Protruded portions of
the first to fourth sidewall insulators 1044 to 1055 may remain
as they are, or may be removed by chemical mechanical
polishing (CMP) or the like.

As shown in FIG. 5D, the silicide layers 115 are formed in
the upper portions in the gate electrode 103, the source region
111 and the drain region 112 by a salicide process. The
silicide layers 115 are, for example, NiSi layers.

In the present embodiment, inter layer dielectrics, contact
plugs, via plugs, interconnect layers and the like are then
formed on the substrate 101. In this manner, the semiconduc-
tor device of FIG. 1 is manufactured.

Although the flow of FIGS. 2A to 5D is a manufacture flow
of'the n-type TFET, a p-type TFET can be also manufactured
by the flow similar to this.

As described above, the second sidewall insulator 1045 in
the present embodiment is formed on the second side surface
S, of the gate electrode 103 and the side surface S, of the
trench T, and the bottom portion of the second sidewall insu-
lator 1045 is formed in the position deeper than the gate
insulator 102. Therefore, according to the present embodi-
ment, the off-state current can be reduced while the degrada-
tion of the on-state current of the tunnel FET is suppressed.

(Second Embodiment)

FIG. 6 is a sectional view showing a structure of a semi-
conductor device of a second embodiment.

The semiconductor device of FIG. 6 includes a semicon-
ductor layer 106 in addition to the components shown in FIG.
1. The semiconductor layer 106 is formed to be adjacent to the
second sidewall insulator 1045 in the trench T. The semicon-
ductor layer 106 in the present embodiment is formed of the
same material as the substrate 101. However, the semicon-
ductor layer 106 may be formed from a material different
from that of the substrate 101. Examples of the semiconduc-
tor layer 106 include an Si layer, an SiGe layer, a Ge layer and
the like.

In the present embodiment, the fourth sidewall insulator
1054, the drain region 112, and the drain extension region 114
are formed after the semiconductor layer 106 is formed as
described later. Therefore, the fourth sidewall insulator 1055
is formed on the second side surface S, of the gate electrode
103 via the second sidewall insulator 1045, on a top surface of
semiconductor layer 106. Furthermore, the drain region 112
and the drain extension region 114 are continuously formed in
the substrate 101 and in the semiconductor layer 106.
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Reference character S5 shown in FIG. 6 shows the top
surface of the semiconductor layer 106. In the present
embodiment, a height of the top surface S5 of the semicon-
ductor layer 106 is substantially equal to the height of the top
surface S of the substrate 101, but may be higher or lower than
the height of the top surface S of the substrate 101.

The silicide layer 115 in the drain region 112 is formed in
the semiconductor layer 106 in the present embodiment. This
silicide layer 115 may be formed continuously in the drain
region 112 and in the drain extension region 114. Such a
structure has an advantage of being capable of suppressing a
junction leak current. In this case, the thickness of the semi-
conductor layer 106 is desirably set at 20 nm or more in order
to easily form the silicide layer 115 in the drain extension
region 114.

Although the tunnel FET of FIG. 6 includes the source and
drain extension regions 113 and 114, it may include only the
source extension region 113 without including the drain
extension region 114. In this case, the step of FIG. 8B (the
step to form the drain extension region 114) described later is
not needed.

(1) Method of Manufacturing Semiconductor Device

A method of manufacturing the semiconductor device of
the second embodiment will be described with reference to
FIGS.7A t0 9D. FIGS. 7A to 9D are sectional views showing
the method of manufacturing the semiconductor device of the
second embodiment.

First, the process steps of FIGS. 2A to 4A are carried out
similarly to the first embodiment.

As shown in FIG. 7A, aliner layer 301 is then deposited on
the entire surface of the substrate 101. The liner layer 301 is,
for example, a silicon nitride layer.

As shown in FIG. 7B, a resist layer 302 which covers the
region where the source region 111 is to be formed is then
formed by lithography. As shown in FIG. 7C, the liner layer
301 is etched by wet etching by using the resist layer 302 as a
mask. The liner layer 301 in the present embodiment is
formed of a material with which sufficient etching selectivity
ratios are obtained against the first and second sidewall insu-
lators 104a and 1044. The resist layer 302 is then removed.

As shown in FIG. 7D, the semiconductor layer 106 is then
formed to be adjacent to the second sidewall insulator 1045 in
the trench T by epitaxial CVD. The semiconductor layer 106
is, for example, a silicon layer. As shown in FIG. 8 A, the liner
layer 301 is then removed by wet etching.

As shown in FIG. 8B, a resist layer 303 which covers the
region where the source region 111 is to be formed is then
formed by lithography. Impurity ions are then implanted into
the semiconductor layer 106 and the substrate 101 by using
the resist layer 303 as a mask. As a result, the drain extension
region 114 is formed in the semiconductor layer 106 and the
substrate 101 by the following annealing or the like. The
process step of FIG. 8B is carried out so that the drain exten-
sion region 114 is not formed directly under the gate electrode
103.

Next, the process steps of FIGS. 8C to 9D are carried out
similarly to the process steps of FIGS. 4C to 5D. Reference
characters 304 and 305 denote resist layers.

In the present embodiment, inter layer dielectrics, contact
plugs, via plugs, interconnect layers and the like are then
formed on the substrate 101. In this manner, the semiconduc-
tor device of FIG. 6 is manufactured.

As described above, the second sidewall insulator 1045 in
the present embodiment is formed on the second side surface
S, of the gate electrode 103 and the side surface S; of the
trench T, and the bottom portion of the second sidewall insu-
lator 1045 is formed in the position deeper than the gate
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insulator 102. Therefore, according to the present embodi-
ment, the off-state current can be reduced while the degrada-
tion of the on-state current of the tunnel FET is suppressed
similarly to the first embodiment.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel devices and methods described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
devices and methods described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

The invention claimed is:

1. A semiconductor device comprising:

a substrate including a trench;

a gate electrode disposed at a position adjacent to the trench
on the substrate via a gate insulator, the gate electrode
having a first side surface located on an opposite side of
the trench, and a second side surface located on the same
side as the trench, wherein a height of a lowermost
surface of the gate electrode is higher than a height of an
uppermost surface of the substrate at the position adja-
cent to the trench;

afirst sidewall insulator disposed on the first side surface of
the gate electrode;

a second sidewall insulator disposed on the second side
surface of the gate electrode and a side surface of the
trench, wherein a height of a bottom surface of the sec-
ond sidewall insulator is lower than a height of a bottom
surface of the first sidewall insulator;

a source region of a first conductivity type disposed in the
substrate, the source region being disposed on the same
side as the first sidewall insulator with respect to the first
side surface of the gate electrode; and

adrain region of a second conductivity type disposed in the
substrate, the drain region being disposed on the same
side as the second sidewall insulator with respect to the
second side surface of the gate electrode and the side
surface of the trench.

2. The device of claim 1, further comprising:

a third sidewall insulator disposed on the first side surface
of the gate electrode via the first sidewall insulator; and

a fourth sidewall insulator disposed on the second side
surface of the gate electrode and the side surface of the
trench via the second sidewall insulator.

3. The device of claim 2, wherein a height of a bottom
surface of the fourth sidewall insulator is lower than a height
of a bottom surface of the third sidewall insulator.

4. The device of claim 1, further comprising:

a semiconductor layer disposed to be adjacent to the sec-

ond sidewall insulator in the trench;

a third sidewall insulator disposed on the first side surface
of the gate electrode via the first sidewall insulator; and

a fourth sidewall insulator disposed on the second side
surface of the gate electrode via the second sidewall
insulator, the fourth sidewall insulator being disposed on
a top surface of the semiconductor layer.

5. The device of claim 4, wherein the drain region is con-
tinuously disposed in the substrate and in the semiconductor
layer.

6. The device of claim 4, wherein a height of the top surface
of'the semiconductor layer is higher or lower than a height of
a top surface of the substrate.
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7. The device of claim 4, wherein a thickness of the semi-

conductor layer is 20 nm or more.

8. The device of claim 4, wherein the semiconductor layer

is formed of the same material as the substrate.

9. The device of claim 4, wherein the semiconductor layer

is formed of a different material from the substrate.

10. The device of claim 1, further comprising:

a source extension region of a first conductivity type dis-
posed under the first sidewall insulator between the
source and drain regions; and

a drain extension region of a second conductivity type
disposed under the second sidewall insulator between
the source and drain regions.

11. A method of manufacturing a semiconductor device,

the method comprising:

forming a gate electrode on a substrate via a gate insulator;

forming a trench in the substrate to be adjacent to the gate
electrode, such that a height of a lowermost surface of
the gate electrode is higher than a height of an uppermost
surface of the substrate at a position adjacent to the
trench;

forming a first sidewall insulator on a first side surface of
the gate electrode;

forming a second sidewall insulator on a second side sur-
face of the gate electrode and a side surface of the trench,
wherein a height of a bottom surface of the second
sidewall insulator is set lower than a height of a bottom
surface of the first sidewall insulator;

forming a source region of a first conductivity type on the
same side as the first sidewall insulator with respect to
the first side surface of the gate electrode, in the sub-
strate; and

forming a drain region of a second conductivity type on the
same side as the second sidewall insulator with respect
to the second side surface of the gate electrode and the
side surface of the trench, in the substrate.

10

12. The method of claim 11, further comprising:

forming a third sidewall insulator on the first side surface of
the gate electrode via the first sidewall insulator; and

forming a fourth sidewall insulator on the second side
surface of the gate electrode and the side surface of the
trench via the second sidewall insulator.

13. The method of claim 12, wherein a height of a bottom

surface of the fourth sidewall insulator is set lower than a

o height of a bottom surface of the third sidewall insulator.
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14. The method of claim 11, further comprising:

forming a semiconductor layer to be adjacent to the second

sidewall insulator in the trench;
forming a third sidewall insulator on the first side surface of
the gate electrode via the first sidewall insulator; and

forming a fourth sidewall insulator on the second side
surface of the gate electrode via the second sidewall
insulator, the fourth sidewall insulator being formed on
a top surface of the semiconductor layer.

15. The method of claim 14, wherein the drain region is
continuously formed in the substrate and in the semiconduc-
tor layer.

16. The method of claim 14, wherein a height of the top
surface of the semiconductor layer is set higher or lower than
a height of a top surface of the substrate.

17. The method of claim 14, wherein a thickness of the
semiconductor layer is set 20 nm or more.

18. The method of claim 11, further comprising:

forming a source extension region of a first conductivity

type under the first sidewall insulator between the source
and drain regions; and

forming a drain extension region of a second conductivity

type under the second sidewall insulator between the
source and drain regions.
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